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STANDARD MODELSTANDARD MODEL

Outstanding success in describing all physicalOutstanding success in describing all physical
phenomena up to a few hundred phenomena up to a few hundred GeVGeV

but is not a fundamental theory of nature

H
H



Known interactions are so weakKnown interactions are so weak

that new physics may easily alter neutrino propertiesthat new physics may easily alter neutrino properties

Extraterrestrial ν’s            unique window to probe physics beyond SM



Event classification

LAA, Feng, Goldberg & Shapere, Phys.Rev.D 65 (2002) 124027
Kusenko & Weiler,  Phys. Rev. Lett. 88 (2002) 161101
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UP- GOING EVENTSUP- GOING EVENTS

CONSTRAINTS ON  NEUTRINO INTERACTION FROM AMANDA DATACONSTRAINTS ON  NEUTRINO INTERACTION FROM AMANDA DATA

DOWN DOWN –– GOING EVENTS GOING EVENTS

AMANDA AMANDA CollaborationCollaboration, , AstropartAstropart. . PhysPhys. 22 (2005) 339. 22 (2005) 339

EXCLUDEDEXCLUDED
REGIONSREGIONS

LAA, Feng & Goldberg, hep - ph / 0504228
Waxman & Bahcall Phys. Rev. D 59 (1999) 023002



AMANDA
Energy distribution



UP- GOING EVENTSUP- GOING EVENTS

PROBES OF NEUTRINO INTERACTIONS FAR ABOVE THE WEAK SCALEPROBES OF NEUTRINO INTERACTIONS FAR ABOVE THE WEAK SCALE

DOWN DOWN –– GOING EVENTS GOING EVENTS

Increases event  rates Increases event  rates

Rate suppressed Increases event  rates

  neutrino lab energy   
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DOWN DOWN –– GOING EVENTS GOING EVENTS
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IceCube integrated luminosity @



Spacetime´sSpacetime´s  unseen  dimensions  unseen  dimensions

Hypothesis: Universe has D= 4 + n dimensions

SM physics

Sub-millimeter
extra dimmensions

•SM lives in 4 dimensions

•Gravity spills into internal dimensions

Gravity only
2 rc

Arkani – Hamed, Dimopoulos & Dvali, Phys. Lett. B 429 (1998) 263

b < 2 rs

Dimopoulos & Landsberg, Phys. Rev. Lett 87 (2001) 161602
Giddings & Thomas, Phys. Rev. D 65 (2002) 056010
Feng & Shapere, Phys. Rev. Lett 88 (2002) 021303



▪▪    Tests of Newton´s law on sub- millimeter scale
    Hoyle – Schmidt – Heckel – Adelberger – Gundlach – Kapner – Swanson PRL 86 (2001) 1418
▪▪  Bounds from supernova cooling and neutron star heating  Bounds from supernova cooling and neutron star heating
        HannestadHannestad  –– Raffelt PRL 87 (2002) 071301 Raffelt PRL 87 (2002) 071301
▪▪   Searches for sub-Planckian signals at the Tevatron   Searches for sub-Planckian signals at the Tevatron
    D0     D0 CollaborationCollaboration PRL 86 (2001) 1156 PRL 86 (2001) 1156
▪▪   Absence    Absence νν -  - showersshowers  mediatedmediated by BH by BH
     LAA      LAA –– Goldberg  Goldberg –– Feng  Feng –– Shapere PRD 68 (2003) 104025 Shapere PRD 68 (2003) 104025

ProbesProbes  ofof  TeVTeV  –– Scale Gravity Scale Gravity



Irrespective of cross section assumptions existing data exclude

at 90 % CL for

This constraint has significance consequences for what may be seen at IceCube

Integrated luminosity

40% (70%) enhancements from SM predictions may be excluded at 90 % (99%) CL

¨ Smoking- ice¨ of TeV-scale gravity models         Probes of fundamental Planck scale

CONCLUSIONSCONCLUSIONS
BecauseBecause  ofof  absorptionabsorption in  in traversingtraversing  thethe  EarthEarth                  simultaneoussimultaneous  considerationconsideration

up-up-comingcoming  andand  downdown--goinggoing    eventevent    ratesrates can  can serveserve  toto  constrainconstrain

thethe  extraterrestrialextraterrestrial neutrino flux  neutrino flux andand  anomalousanomalous  contributionscontributions  toto  thethe neutrino cross  neutrino cross sectionssections

IceCubeIceCube                newnew era in  era in HighHigh  EnergyEnergy  PhysicsPhysics

for

AMANDA - B10AMANDA - B10
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